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Fig. 24.1 Stress distribution in a transversely loaded beam. 


due to bending were given in Table 10.6. Whether a combined or the maximum 
fiber stress governs the design for a beam of a relatively great depth, it is convenient 
to keep in mind the basic stress distribution, such as that illustrated in Fig. 24.1. 
It is clear from the sketch that for a given bending moment M and a shear load 
Q the maximum normal and shear stresses do not occur at the same point. When 
a question arises, then, as to which stress governs the design, reference should be 
made to one of the basic formulas, such as Eq. (4.4), from which the maximum 
principal stresses can be calculated. For instance, making S y = 0, S x = S', and 

T xy= T i E( l- ( 4 - 4 ) s ives 

S„,x = f + l(S 2 +4r 2 ) 1/2 (24.1) 

Equation (24.1) applies at any point of a beam cross section. In the preliminary 
engineering analysis, we assume that the maximum bending stress at the outer 
fiber is also the maximum normal stress. As we proceed from the outer fiber of the 
beam toward the neutral axis, the bending stress drops off linearly while the shear 
stress increases parabolically, as shown, for example, in Fig. 24.1. Hence, at an 
arbitrary distance x from the neutral axis, we have two finite stress values, S and 
r, which can be combined according to Eq. (24.1) to give the maximum principal 
stress, which may or may not be smaller than the maximum bending stress at the 
extreme fiber. This aspect of stress analysis may be of importance in knuckle joint 
and pin design, where the ratio of span to depth can be rather small. Application 
of this principle is described further in Chap. 40. 


WIDE BEAMS 

In the case of relatively wide beams, such as thin metallic strips, the deflections 
computed from simple beam formulas are somewhat high. This effect can be allowed 
for by substituting E/(l — u 2 ) for E. 

When the beams are wide and short, the deflections and stresses are not uni¬ 
form. To circumvent this design difficulty, it is customary to utilize the concept of 
effective width together with the standard beam formulas [127-129]. The case of 
special interest is that of a very wide cantilever shown in Table 24.1 [130]. Although 
the formula in case 4 is strictly applicable to a plate of infinite width, fairly good 



